INTRODUCTION {#sec1-1}
============

The *Nocardia* bacteria are a branching, filamentous, gram-positive, and weakly acid-fast bacteria classified as aerobic actinomycetes. They are ubiquitous in the environment, but are mostly found in dry and warm climates, and can cause a wide variety of diseases.\[[@ref1][@ref2]\]

Nocardial brain abscesses are a rare clinical finding accounting for only around 2% of the total number of brain abscesses found and usually occurring in patients with predisposing underlying conditions. These brain abscesses mostly originate from a primary focus such as the lungs, skin, abdomen, urinary tract, or elsewhere in the body.\[[@ref1]\] A significantly higher-mortality rate of 66% has been found in multiple nocardial brain abscesses compared to the mortality rate of 10% seen in other bacterial brain abscesses.\[[@ref3][@ref4]\]

Although there is an increasing number of reports of nocardial infections in immunocompetent patients, it mainly occurs in immunocompromised patients. This includes patients suffering from malignancies, acquired immune deficiency syndrome (AIDS), uremia, malnutrition, diabetes mellitus, or patients receiving immunosuppressive drugs. Due to the recent increase in the number of immunocompromised patients, nocardial infections have become a significant opportunistic infection in the last two decades.\[[@ref5]\]

There has, furthermore, been found an association between nocardial infections and pulmonary alveolar proteinosis (PAP).\[[@ref1][@ref5][@ref6]\] PAP is a rare lung disease caused by an accumulation of pulmonary surfactant due to a decrease in the macrophage-mediated catabolism. This decrease may be the result of an incomplete differentiation in macrophages, which increases susceptibility to infections such as nocardial infections.\[[@ref7][@ref8]\] Among the numerous suggested etiologies for PAP, such as lung infections and hematologic malignancies, studies have shown a correlation between PAP and a chronic exposure to silica dust.\[[@ref9]\]

We report a case of multiple nocardial brain abscesses in an immunocompetent patient with PAP probably due to chronic occupational exposure to silica dust.

CASE REPORT {#sec1-2}
===========

A 42-year-old man without any previously known medical history contacted his general physician due to complaints of cough and dyspnea. He was predisposed toward pulmonary illness through daily smoking of tobacco and inhaled illicit drugs of poor quality. Furthermore, the patient had a chronic occupational exposure to concrete and limestone, two known sources of silica dust.

He was prescribed general antibiotics, but was admitted at Shariati Hospital, Isfahan 3 months later due to the persistence of his symptoms. During admission, x-ray and computerized tomography (CT)-scan of the thorax were performed, which were suggestive of pneumonia; then the patient was represcribed antibiotics and discharged.

One month later the patient\'s condition worsened, now presenting with fever (39.8°C), daily headache, and vomiting. Brain magnetic resonance imaging (MRI)-scan with contrast was performed, which revealed multiple bilateral brain abscesses \[[Figure 1a](#F1){ref-type="fig"}\] causing his immediate transfer to Arad Hospital, Tehran for stereotactic brain biopsy. The biopsy material was cultivated and examined by smear microscopy, which indicated long 1 µm-wide, branching, filamentous, gram-positive elements suggestive of *Nocardia,* or less likely fungi, which at that point could not be confirmed by culture. The patient was referred to Alzahra Hospital, Isfahan and the treatment was expanded to consist of vancomycine, meropenem, trimetroprime/sulfametoxazol (TMP/SMX), amphotericin B, and dexamethasone.

![(a) Brain MRI before starting treatment: Multiple bilateral round lesions in both hemispheres with ring enhancement (b) Brain MRI after 6 months of treatment: A few hypersignal areas in right parietotemporal and left frontal lobes withoutcentral necrosis](ABR-4-185-g001){#F1}

In the search for a primary focus of infection, and with cancer as the differential diagnose, the patient was systematically examined. At first an echocardiogram following blood cultivation of three independent blood samples was performed in order to rule out endocarditis, all of which turned out negative. The chest CT-scan was inconclusive showing diffuse alveolar infiltrations \[[Figure 2](#F2){ref-type="fig"}\]. Further smear microscopy and culture were performed on sputum and bronchoalveolar lavage (BAL) but they showed negative for *Actinomyces*, *Nocardia*, *Mycobacterium Tuberculosis*, and other bacteria and fungi. Cytopathology analysis for malignancy was also performed but turned out negative. The abdomen and pelvic were assessed using CT-scan with contrast and ultrasonography but revealed no abnormalities. Neither did the urine analysis nor did the culture show any sign of infection. When assessing the patient\'s immunocompetence the patient was tested negative three times for HIV type 1 and 2, and a complete blood and bone marrow analysis was performed including CD8+ and CD4+ *T*-cell count, which revealed no immunodeficiency, malignancy, or sign of tuberculosis. Finally, an open lung biopsy was performed. This revealed PAP, but was negative for malignancies, *Actinomyces*, *Nocardia*, *Mycobacterium Tuberculosis* and other bacteria, confirming the negative results of sputum and BAL analysis.

![Diffuse alveolar infiltration in left lung. Right lung shows necrotic lesion in peripheral area and mild-pleural effusion](ABR-4-185-g002){#F2}

3 weeks after the brain biopsy the result of the brain abscess culture was completed and turned out positive for *Nocardia Asteroides*, confirming the results of the smear. Based on these results, a 2 months intravenous drug regime was started consisting of TMP/SMX, meropenem, and amikacine. Neurosurgical intervention was also considered due to the large size of the abscesses, but was not found to be possible because of the high number of abscesses and the profound location. Dexamethasone was also prescribed and it showed a beneficial effect on the headache but its tapering was complicated due to the return of headaches. After 3 weeks of treatment the fever began to diminish, and after 2 months the patient was discharged with a body temperature of 37.2°C and a reduction in the frequency of vomiting and headaches from a daily basis to a weekly basis. The treatment was continued with oral TMP/SMX antibiotics.

Four months after discharge the patient returned to the hospital with newly-emerged neurological and psychological symptoms such as diplopia, headaches, and breakdowns despite continuous oral antibiotic treatment and brain MRI-scan with contrast that on the contrary was showing diminished cerebral abscesses \[[Figure 1b](#F1){ref-type="fig"}\]. Because of the worsening condition and the increasing neurological character of the symptoms, the patient was discontinued treatment at the infectious disease department and transferred to the neurology department for further treatment.

DISCUSSION {#sec1-3}
==========

The low number of cases with nocardial brain abscesses, the silent progression of symptoms, and the paucity of laboratory findings make nocardial infections a continuing challenge to physicians worldwide.\[[@ref10]\]

The *Nocardia* bacteria enter the body by either direct inoculation of contaminated soil into skin lesions or inhalation of *Nocardia*-containing dust particles causing lung diseases such as pneumonia and lung abscesses. From the skin and, more often, the lungs the nocardial infection can disseminate hematogenously throughout the body, with a predilection for the central nervous system (CNS) accounting for around 45% of all cases of disseminated nocardiosis. The initial pulmonary infection is later able to clear spontaneously obscuring its primary location.\[[@ref6][@ref10]\] In our case we suspected the brain abscesses to originate from a primary lung infection due to the original lung symptoms and predisposing factors described. The results of our cultivation and smear microscopy from the lungs were both negative, indicating a spontaneous recovery of the lungs.

The symptoms of nocardial brain abscesses vary greatly and may present themselves as classic brain abscesses, mimic tumors, or in other cases develop over months or even years gradually presenting neurological symptoms but without any systemic sign of infection. The neurological symptoms seen vary from subtle focal neurological impairments to severe changes in behavior and personality.\[[@ref3][@ref6]\] We report neurological symptoms such as vomiting and headaches and psychological symptoms such as depression and breakdowns.

Nocardial infection is often seen in immuno compromised patients or patients with other predisposing factors including locally impaired pulmonary defenses, like seen in PAP. PAP has been shown to be a predisposing factor for nocardial infections by Punatar *et al*. in a review of 75 cases of PAP.\[[@ref11]\] Furthermore, a chronic exposure to silica dust was shown by Bonella *et al*. in a cohort of 70 patients to be a strong inducing factor of PAP, and that tobacco smoking complicates the condition significantly.\[[@ref9]\] Silica is mostly found in nature as quartz, but is also used in construction materials such as limestone and concrete.\[[@ref12][@ref13]\] The patient in the present study was a tobacco smoker with an occupational chronic exposure to silica dust through his work with concrete and limestone. This we suspect to be the cause of the patient\'s PAP and the predisposing factor for his nocardial infection.

In MRI scans, nocardial brain abscesses are usually shown as characteristic hyperenhanced ring lesions and may be surrounded by edematous changes. As seen in [Figure 1a](#F1){ref-type="fig"}, both these characteristics were present. Further, a diagnostic biopsy should always be performed in order to make smear microscopy and culture, which in our case showed the bacteria *Nocardia asteroides*.\[[@ref3][@ref7]\]

The medical gold standard treatment for nocardial infections is sulfonamide drugs, with a TMP/SMX combination being the preferred choice among most physicians. For disseminated nocardial infections, such as the CNS infection seen in our case, an empirical three-drug combination therapy should be started including a sulfonamide, amikacin, and either carbapenem or cephalosporin. Because of a high relapse rate and the resistant nature of *Nocardia* brain abscesses, antibiotic treatment was done aggressively and continued for 12 months.\[[@ref3][@ref10]\] A 30% mortality rate has been shown after medical treatment by Mamelak *et al*.\[[@ref4]\] A combination with surgical intervention is possible but was in our case avoided because of the profound and multiple locations of the abscesses.

Conclusively, in patients presenting brain abscesses and a history of chronic exposure to silica dust, PAP and opportunistic nocardial infection should always be considered as possible diagnoses.
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